Background
In a randomized trial with a median follow-up of 18.4 months, 6 months of induction chemotherapy with a three-drug regimen comprising 5-fluorouracil (by continuous infusion)-leucovorin, irinotecan, and oxaliplatin (FOLFOXIRI) demonstrated statistically significant improvements in response rate, radical surgical resection of metastases, progression-free survival, and overall survival compared with 6 months of induction chemotherapy with fluorouracil-leucovorin and irinotecan (FOLFIRI).
Methods
From November 14, 2001 , to April 22, 2005 , we enrolled 244 patients with metastatic colorectal cancer. To evaluate if the superiority of FOLFOXIRI is maintained in the long term, we updated the overall and progression-free survival data to include events that occurred up to February 12, 2009 , with a median follow-up of 60.6 months. We performed a subgroup and a risk-stratified analysis to examine whether outcomes differed in specific patient subgroups, and we analyzed the results of treatment after progression. Survival curves were estimated by the Kaplan-Meier method. Multivariable Cox regression models were fit to estimate hazard ratios (HRs) and 95% confidence intervals (CIs). All statistical tests were two-sided.
Results
FOLFOXIRI demonstrated statistically significant improvements in median progression-free survival (9.8 vs 6.8 months, HR for progression = 0.59, 95% CI = 0.45 to 0.76, P < .001) and median overall survival (23.4 vs 16.7 months, HR for death = 0.74, 95% CI = 0.56 to 0.96, P = .026) with a 5-year survival rate of 15% (95% CI = 9% to 23%) vs 8% (95% CI = 4% to 14%). The improvements in progression-free survival and, to a lesser extent, in overall survival were evident even when the analysis excluded patients who received radical resection of metastases. With regard to the risk-stratified analysis, FOLFOXIRI results in longer progression-free survival and overall survival than FOLFIRI in all risk subgroups.
continuous infusion)-leucovorin, irinotecan, and oxaliplatin (ie, FOLFOXIRI) (13, 14) in an attempt to expose all patients with metastatic colorectal cancer to the three active cytotoxic agents with the goals of improving tumor response rates, increasing the rate of radical surgery of metastases, and improving survival. There are data from patients with metastatic colorectal cancer that support an association between tumor response to chemotherapy and efficacy (15, 16) . In addition, a direct correlation was demonstrated between the activity of chemotherapy (in terms of response rate) and the rate of radical resection of metastases among patients with unresectable metastatic disease at presentation (17) (and this strategy of chemotherapy followed by radical surgical resection of metastases led to better long-term survival). Moreover, the "exposure" of patients with advanced colorectal cancer to all three active cytotoxic agents is associated with survival (18) . As previously reported (19) , on behalf of the Gruppo Oncologico Nord Ovest (GONO), we conducted a randomized trial comparing FOLFOXIRI with fluorouracil (by infusion)-leucovorin and irinotecan (FOLFIRI) as a first-line treatment in patients with metastatic colorectal cancer. On the basis of the current knowledge and standard clinical practice at the time the study was designed, we scheduled a maximum of 6 months of induction chemotherapy (20) . The trial demonstrated an increased activity and efficacy of the three-drug regimen. After a median follow-up of 18.4 months (19), the confirmed response rate was statistically significantly higher in the FOLFOXIRI arm than in the FOLFIRI arm (60% vs 34%, P < .001), as was the rate of secondary radical surgical resection of metastases among all patients (15% vs 6%, P = .03) and among patients with liver metastases only (36% vs 12%, P = .017). Median progression-free survival was longer in the FOLFOXIRI arm than in the FOLFIRI arm (9.8 vs 6.9 months; hazard ratio [HR] of disease progression = 0.63, 95% confidence interval [CI] = 0.47 to 0.81, P = .006), as was median overall survival (22.6 vs 16.7 months; HR of death = 0.70, 95% CI = 0.50 to 0.97, P = .03). Compared with FOLFIRI, FOLFOXIRI was associated with a modest increase in the incidence of grade 2 or 3 peripheral neurotoxicity (0% vs 19%, P = .001) and of grade 3 or 4 neutropenia (28% vs 50%, P = .001), but the incidence of febrile neutropenia (3% vs 5%) and of grade 3 or 4 diarrhea (12% vs 20%) were not statistically significantly different, and there were no treatment-related deaths.
Here we report the final analysis of this trial, after a median follow-up of 5 years, to evaluate whether the superiority of FOLFOXIRI was maintained in the long term. We also performed subgroup and risk-stratified analyses, with risk defined according to the Kohne prognostic model (21) , to explore whether any clinical factor predicts differential likelihood of benefit from the treatment. Finally, we analyzed the outcomes of patients who received treatment after disease progression to examine whether they were negatively affected by FOLFOXIRI. , platelet count greater than 100 000/mm 3 , serum creatinine level less than 1.2 mg/dL, serum bilirubin level less than 1.5 mg/dL, and serum aspartate aminotransferase, alanine aminotransferase, and alkaline phosphatase levels less than 2.5 times normal values (<5 times normal values if liver metastases were present). The protocol was approved by the ethics committee of all participating institutions. All patients were informed of the investigational nature of the study and provided written informed consent before registration. Eligible patients were assigned to a treatment arm with the use of a dynamic randomization algorithm that was designed to achieve overall balance between the arms. Randomization was centralized. Patients were stratified according to study center, ECOG performance status (0 vs 1 or 2), and history of adjuvant therapy (yes vs no), and then were randomly assigned to receive irinotecan at 180
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CONT E X T A N D C A V E A T S
Prior knowledge
In a randomized trial with a median follow-up of 18.4 months, patients with metastatic colorectal cancer who underwent 6 months of induction chemotherapy with 5-fluorouracil (by continuous infusion)-leucovorin, irinotecan, and oxaliplatin (FOLFOXIRI) had statistically significant improvements in response rate, rate of radical surgical resection of metastases, progression-free survival, and overall survival compared with those who underwent 6 months of induction chemotherapy with fluorouracil-leucovorin and irinotecan (FOLFIRI).
Study design
An updated analysis of overall and progression-free survival data, with a median follow-up of 60.6 months, to evaluate if the superiority of FOLFOXIRI is maintained in the long term.
Contribution
Six months of induction chemotherapy with FOLFOXIRI is associated with a clinically significant improvement in the long-term outcome compared with FOLFIRI with an absolute benefit in survival at 5 years of 7%. The improvements in progression-free survival and overall survival were evident even when the analysis excluded patients who received radical resection of metastases.
Implications
FOLFOXIRI is a therapeutic option that should be considered in routine practice as a conversion therapy for fit patients with potentially resectable metastatic colorectal cancer or as a palliative therapy for patients with diffuse aggressive or symptomatic disease.
Limitations
The sample size of the trial was small and the statistical power was low. The results may not produce a change in the current standard of care because the trial was conducted before monoclonal antibodies were included in the standard of care.
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Downloaded from https://academic.oup.com/jnci/article-abstract/103/1/21/886714 by guest on 18 March 2019 mg/m 2 in 250 mL normal saline given over 1 hour on day 1, leucovorin at 100 mg/m 2 in 250 mL 5% dextrose given over 2 hours, followed immediately by 5-fluorouracil at 400 mg/m 2 (bolus) and 5-fluorouracil at 600 mg/m 2 by 22-hour infusion on days 1 and 2 (FOLFIRI) (24) or irinotecan at 165 mg/m 2 in 250 mL normal saline over 1 hour on day 1, followed immediately by oxaliplatin at 85 mg/ m 2 in 250 mL 5% dextrose and leucovorin at 200 mg/m 2 in 250 mL 5% dextrose infused concomitantly over 2 hours via a Y-connector on day 1, followed immediately by 5-fluorouracil at 3200 mg/m 2 infused continuously over 48 hours starting on day 1 (FOLFOXIRI). Treatment was administered biweekly for a maximum of 12 cycles (fewer cycles were administered in cases where there was evidence of disease progression, unacceptable toxicity, or withdrawal of consent). This trial is registered at ClinicalTrials.gov (ClinicalTrials.gov identifier: NCT01219920).
Study Measures
The primary study endpoint was the response rate, which was externally reviewed. Secondary endpoints were progression-free survival, overall survival, radical surgical resection of metastases after chemotherapy, safety, and quality of life. Responses and progressions were evaluated according to World Health Organization criteria (23) . In particular, to evaluate responses and progressions, a computed tomography scan was required at baseline (within 4 weeks before
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Assessed for eligibility n = 283 randomization) and every 8 weeks during treatment and after treatment completion throughout follow-up. Adverse events were evaluated according to National Cancer Institute's Common Toxicity Criteria (version 2.0) (25) . The progression-free interval was measured from the date of random assignment to the documentation of disease progression or death from any cause, whichever occurred first, with censoring of patients at the date at which they were last known to be free of progression. Overall survival time was measured from the date of random assignment to the date of death from any cause, with censoring of patients at the last date they were known to be alive.
Statistical Analysis
Overall survival and progression-free survival were updated to include events that occurred up to February 12, 2009 . Survival curves were estimated by the Kaplan-Meier method and compared by using the log-rank test. Cox proportional hazards modeling was used to calculate hazard ratios (HRsand 95% confidence intervals (CIs). The proportional hazard assumption was verified using the method proposed by Schoenfeld (26) . The assumption of proportional hazards was appropriate because cumulative hazard plots estimated for FOLFIRI and FOLFOXIRI showed a parallel trend. For the risk-stratified analysis, we compared overall survival and progression-free survival between the treatment arms for each risk group. All analyses were done on the intention-to-treat population, which was defined as all randomly assigned subjects. Assuming an a-error of 0.05, the trial had a power of 0.80 to demonstrate an improvement of 20% in response rate and a prolongation in progression-free survival of 3 months.
A multivariable logistic regression model was used to identify predictive factors for objective response and for radical surgical resection. A factor was considered potentially associated with the outcome of interest if its univariate P value was less than or equal to .05; such factors were retained in the multivariable models. The statistical analysis was performed using SPSS statistical software (version 16.0 for Windows; SPSS, Chicago, IL). All statistical tests were two-sided.
In subgroup analyses, we assessed associations between the following baseline (ie, at randomization) clinical factors for patients treated on each study arm and overall survival, progression-free survival, response rate, and the rate of radical surgical resection of metastases after chemotherapy: treatment (FOLFOXIRI vs FOLFIRI), sex, age (< 65 or ≥65 years), ECOG performance status (0 or 1-2), site of primary tumor (colon or rectum), number of metastatic sites (1 or ≥2), location of metastatic sites (liver only or other sites), liver involvement (<25% or ≥25%), time from first diagnosis to first metastasis (0-3, 3-12, or >12 months), previous adjuvant therapy (yes or no), baseline serum lactate dehydrogenase level (normal or ≥ upper limit of normal [laboratory-specific]), baseline serum carcinoembryonic antigen level (<100 or ≥100 ng/mL), baseline white blood cell count (<10 000 or ≥10 000 per mm 3 ), baseline hemoglobin level (<10 or ≥10 g/dL), and baseline serum alkaline phosphatase level (<300 or ≥300 U/L). Categories and cut points were chosen according to their prognostic value in metastatic colorectal cancer based on other randomized trials in this setting (27) .
In the risk-stratified analysis, patients were assigned to three risk groups as defined by Kohne et al. (21) according to the following baseline variables: white blood cell count, number of metastatic sites, serum alkaline phosphatase level, and ECOG performance status. The low-risk group included patients with an ECOG performance status of 0 or 1 and one site of metastatic disease. The intermediate-risk group included patients with an ECOG performance status of 0 or 1, more than one site of metastatic disease, and a serum alkaline phosphatase level less than 300 U/L and patients with an ECOG performance status greater than 1, a white blood cell count less than 10 000/mm 3 , and one site of metastatic disease. The high-risk group included patients with an ECOG performance status of 0 or 1, more than one site of metastatic disease, and a serum alkaline phosphatase level equal to or greater than 300 U/L; patients with an ECOG performance status greater than 1 and a white blood cell count greater than 10,000/mm 3 ; and patients with an ECOG performance status greater than 1, a white blood cell count less than 10,000/mm
Results
The 244 enrolled patients were randomly assigned to FOLFIRI (n = 122) or FOLFOXIRI (n = 122). The characteristics of the patients at baseline were well balanced between the treatment arms (Table 1) .
Progression-Free Survival and Overall Survival
After a median follow-up of 60.6 months, 115 patients in the FOLFOXIRI arm and 121 patients in the FOLFIRI arm experienced disease progression. The median progression-free interval was statistically significantly longer for FOLFOXIRI than for FOLFIRI (9.8 months vs 6.8 months; HR for progression = 0.59, 95% CI = 0.45 to 0.76, P < .001) (Figure 2) . The corresponding 5-year progression-free survival rates were 5% (95% CI = 1% to 8%) for FOLFOXIRI and 1% (95% CI = 0% to 3%) for FOLFIRI. In addition, the median progression-free interval remained longer for FOLFOXIRI compared with FOLFIRI when we excluded patients who had undergone radical surgery on metastases from the analysis (9.5 months vs 6.6 months; HR of progression = 0.59, 95% CI = 0.44 to 0.76, P < .001).
There were 104 deaths in the FOLFOXIRI arm and 112 deaths in the FOLFIRI arm. The median overall survival was statistically significantly longer for FOLFOXIRI compared with FOLFIRI (23.4 months vs 16.7 months; HR for death = 0.74, 95% CI = 0.56 to 0.96, P = .026) (Figure 3 ). The 5-year survival rates were 15% (95% CI = 9% to 23%) for FOLFOXIRI and 8% (95% CI = 4% to 14%) for FOLFIRI. When we excluded patients who had undergone radical surgery on metastases from the analysis, the survival benefit of FOLFOXIRI was maintained but was no longer statistically significant (median overall survival, FOLFOXIRI vs FOLFIRI: 20.2 months vs 15.9 months; HR for death = 0.80 95% CI = 0.61 to 1.05; P = .12) (Figure 4 ).
Prognostic Factors, Subgroup Analysis, and Risk-Stratified Analysis
The analysis of the treatment effect in the 15 aforementioned subgroups of patients demonstrated that treatment with FOLFOXIRI is associated with improvements in both progressionfree survival and overall survival in all subgroups (data not shown).
The Cox multivariable analysis demonstrated that independent prognostic factors for reduction of the risk of progression were treatment with FOLFOXIRI (HR = 0.63, 95% CI = 0.48 to 0.82, P < .001), male sex (HR = 0.75, 95% CI = 0.57 to 0.98, P = .03), serum carcinoembryonic antigen level less than 100 ng/mL (HR = 0.66, 95% CI = 0.48 to 0.92, P = .01), and white blood cell count less than 10 000/mm 3 (HR = 0.72, 95% CI = 0.52 to 0.99, P = .05). Independent prognostic factors for reduction of the risk of death were baseline hemoglobin level greater than or equal to 10 g/dL (HR = 0.59, 95% CI = 0.40 to 0.87, P = .008) and baseline serum alkaline phosphatase level less than 300 U/L (HR = 0.57, 95% CI = 0.41 to 0.78, P = .001).
With regard to the risk-stratified analysis based on the Kohne prognostic model (21) , in this series, this model discriminated well between the high-risk group and the low-and intermediate-risk group. Indeed, when analyzing the entire study population, regardless of treatment arm, we observed statistically significant differences in the log-rank P values (P < .001 for both progression-free Figure 2 . Kaplan-Meier analysis of progression-free survival (PFS) for all randomly assigned patients. HR = hazard ratio; CI = confidence interval. The P value (two-sided) was calculated using the log-rank test. Overall survival (%) Figure 3 . Kaplan-Meier analysis of overall survival (OS) for all randomly assigned patients. HR = hazard ratio; CI = confidence interval. The P value (two-sided) was calculated using the log-rank test.
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survival and overall survival) for comparisons between high-risk and low-risk groups and for comparisons between high-risk and intermediate-risk groups. By contrast, the differences in progression-free survival and overall survival between the low-risk group and the intermediate-risk group were not statistically significant. In the risk-stratified analysis, compared with FOLFIRI, FOLFOXIRI resulted in longer progression-free survival and longer overall survival in all risk subgroups (Table 2) .
Treatment After Progression
A total of 93 patients (76%) in the FOLFIRI arm and 89 patients (73%) in the FOLFOXIRI arm received second-line treatment with chemotherapy after experiencing disease progression ( Table 3 ). The majority (87%) of patients in the FOLFIRI arm who experienced disease progression had second-line treatment with FOLFOX, whereas only 4% received FOLFIRI again as secondline treatment. A total of 18% of patients in the FOLFOXIRI arms who experienced disease progression had second-line treatment again with FOLFOXIRI. For patients in the FOLFIRI arm, the median treatment-free interval was 3.1 months (95% CI = 2.3 to 4.0 months), and second-line treatment resulted in a response rate of 16% (95% CI = 9% to 24%), a median progression-free interval of 4.0 months (95% CI = 3.0 to 4.9 months), and a median overall survival of 9.4 months (95% CI = 6.7 to 12.0 months). For patients in the FOLFOXIRI arm, the median treatment-free interval was 5.0 months (95% CI = 4.1 to 6.2 months), and the response rate to second-line treatment was 17% (95% CI = 9% to 25%), the median progression-free interval was 5.3 months (95% CI = 4.0 to 6.3 months), and median overall survival was 11.7 months (95% CI = 7.9 to 15.4 months). Patients who received second-line treatment with FOLFOXIRI had a response rate of 27% (95% CI = 6% to 49%), a median progression-free interval of 8.1 months (95% CI = 5.1 to 11.0 months), and median overall survival of 22.4 months (95% CI = 4.2 to 40.6 months) from the start of second-line FOLFOXIRI and 36.6 months (95% CI = 8.7 to 64.4 months) from the start of induction FOLFOXIRI. Notably, only a small proportion of patients received cetuximab or bevacizumab after disease progression (1% of patients in the FOLFIRI arm received both monoclonal antibodies, while in the FOLFOXIRI arm 8% of patients received cetuximab and no patient received bevacizumab).
Discussion
This updated analysis of a randomized trial of first-line treatment for patients with metastatic colorectal cancer showed that 6 months of induction chemotherapy with FOLFOXIRI is associated with a clinically significant improvement in the long-term outcome compared with FOLFIRI, with an absolute benefit in survival at 5 years of 7%. Moreover, improvements in progressionfree survival and overall survival were maintained with long-term follow-up. Current treatment of metastatic colorectal cancer is based on three main therapeutic options: chemotherapy, targeted therapies, and surgical resection of metastases. The aim of treatment may Figure 4 . Kaplan-Meier analysis of progression-free survival (PFS) and overall survival (OS) after excluding patients who underwent radical surgical resection of metastases. A) PFS. B) OS. HR = hazard ratio; CI = confidence interval. The P value (two-sided) was calculated using the log-rank test. range from cure (by achieving a definitive disease eradication), to maximal disease control (by improving progression-free and overall survival), to palliation (by improving quality of life). The major challenge today is how best to integrate these treatment options to give patients the opportunity to receive and benefit from all available effective therapies. Considering that surgery alone is an option only for a minority of patients and that inhibitors of vascular endothelial growth factor and epidermal growth factor receptor have limited activity in monotherapy, chemotherapy remains the primary therapeutic strategy for the majority of patients.
Our results demonstrate that compared with 6 months of induction treatment with the doublet FOLFIRI, 6 months of induction treatment with the three-drug combination FOLFOXIRI provides a clinically relevant improvement in 5-year survival (15% vs 8%). In our opinion, these data provide useful information about a treatment option (FOLFOXIRI) that should be considered in routine clinical practice. As we previously reported (19) , the three-drug regimen that we developed and used in this trial is not only more efficacious than FOLFIRI but is also feasible and has manageable toxic effects (with acceptable levels of neutropenia and peripheral neurotoxicity). In addition, it is important to note that this analysis demonstrates that FOLFOXIRI was not only associated with a higher rate of patients who received radical resection of metastases but also with better outcomes in patients with metastatic disease who did not undergo radical resection. Moreover, the improvements in progression-free survival, and, to a lesser extent, in overall survival were evident even when we excluded patients who received radical resection of metastases from the analysis. However, the greater proportion of patients in the FOLFOXIRI arm who received radical resection probably explains the better 5-year survival in this arm. In addition, FOLFOXIRI was associated with improvements in both progression-free survival and overall survival in all subgroups as well as in all Kohne risk categories we tested. To our knowledge, a confirmed response rate of 60%, a median progression-free interval of 9.8 months, a median overall survival of 23.4 months, and a 5-year survival of 15%, as reported here for the FOLFOXIRI arm, are among the highest rates reported in a randomized trial of chemotherapy in metastatic colorectal cancer (28, 29) , whereas the results obtained for the FOLFIRI arm are in line with those reported in several other contemporary randomized studies with 5-fluorouracil-based doublets (30) . It is important to note that in this study, only a small proportion of patients received cetuximab after disease progression and only one patient was treated with bevacizumab. Therefore, these results were obtained in a "biologic-free" population, and thus they could be viewed as a benchmark to assess the efficacy of chemotherapy alone in metastatic colorectal cancer.
Several concerns have been raised (31) about the use of a triple cytotoxic combination as first-line treatment for metastatic colorectal cancer. The first concern is the risk of excessive toxicity. Our results are reassuring: In a fit population (defined according to the inclusion criteria used in this study), the FOLFOXIRI regimen was feasible and had a manageable safety profile. Moreover, an analysis of hepatic toxicity in patients who underwent surgery on metastases revealed no relevant liver damage (32) . The second concern is the possibility that first-line treatment with a triple cytotoxic combination could reduce the efficacy of second-line treatments. Our results show that induction chemotherapy with FOLFOXIRI did not have a negative impact on the outcomes of patients who received treatment after disease progression, and, moreover, the data in terms of disease control compare well with the results usually achieved with second-line treatments. Previous studies showed that the most important variable associated with a failure to receive and benefit from second-line therapy is the lack of response to frontline therapy (33), thus supporting the concept that a more active first-line chemotherapy is not detrimental to the results of second-line therapies.
This trial was not designed to address the issue of the optimal duration of treatment. The results we reported with FOLFOXIRI suggest that 6 months of induction chemotherapy is appropriate for most patients and that the increased activity of the induction treatment also produces improvements in long-term survival. Furthermore, our data underline the importance of rechallenging patients who responded to first-line treatment with the same agents used in first-line, as has been suggested previously (8, 34, 35) .
Is the combination of the three cytotoxic agents better or worse than two cytotoxic agents plus one biological agent? So far, to our knowledge, no study has addressed this question. However, we do not believe that this is a relevant comparison because the triplet should not be viewed as an alternative to biological agents but rather as an agent that should be studied in combination with biological agents . Results of recent randomized trials of chemotherapy doublets in association with inhibitors of vascular endothelial growth factor (36) (37) (38) or epidermal growth factor receptor (39) show that the median survival of patients is still approximately 20 months, which suggests that further improvements are still needed. Results of a phase II trial evaluating the combination of FOLFOXIRI and bevacizumab were promising with a response rate of 77%, a disease control rate of 100%, a median progression-free interval of 13.1 months, and a median survival of 30.9 months (40).
This study had several limitations. The sample of randomly assigned patients studied was small and therefore the power of statistical analysis performed was low. In addition, this trial was conducted before the inclusion of monoclonal antibodies to standard of care, and thus the control arm was not optimized to present practice. As a consequence, our results cannot produce a clear change in the current standard of care.
In conclusion, considering the heterogeneity of the clinical course of metastatic colorectal cancer, we think that FOLFOXIRI should represent one of the therapeutic options to be considered in the treatment plan of patients with metastatic colorectal cancer. We believe that this regimen is appropriate as a conversion therapy for fit patients (as defined herein) who have potentially resectable disease or as a palliative therapy for patients with diffuse aggressive or symptomatic disease. The combination of FOLFOXIRI with targeted biological agents is of particular interest and, on behalf of GONO, we are now conducting a phase III randomized trial comparing 6 months of induction therapy with FOLFOXIRI plus bevacizumab with FOLFIRI plus bevacizumab (TRIBE trial).
